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SUMMARY 



PROBLEM; The' development of concepts and algorithms lor simulating for trainings = 
the performance teharaeterlstics of both Thermal Imagery Systems (TIS) and Low Light 
Level Television Systems (LLLTV) Is critical to current and fiHure simulator acquisi- 
tion programs* The^ development of this technology will rely on Computer Iniage Gen- 
. eration,(CIGj with emphasis upon datd base characteristics and algorithms incorpor- 
ated as part of system processing. The development and validation of this, technolo^ 
must be accomplished under static as well as dynamic Conditions typical of that im- 
posed upon a real "time full mission weapon system simulator. \' . ^ 

APPROACH; The approach employed by AFHRL consisted of the development of a 
:system with an optimum combination of flexibility with rapidity of simulation^update to 
permit a wide variety of techniques to be investigated under 'both static and dynamic 
conditionsi The system was designed to permit control oyer key simulation param- 
eters and enable flexlbility.with respect to both data base and algorithm development* 
yhe capability of the AFHRL Simulation and /Fraining Advanced Research System 
(STARS) was incorporated to the maj^imum extent and was further augrnented through 
the use of Digital Equipment'Cbrporation (DliC) minicomputers together with special 
purpose hardware to provide the speed witTi minimal compromise of flexibility. The 
special purpo$e hardware performed otherwise tlme-c^suming functions of edge 
smoothlngii transfer function generation and sensor noig%. However, the hardware 
was designed to permit control over degree of smopthing, type of transfer function, 
and percent nol^ through software. A core memory was provided with suffiaient size 
to hold a full frame of video^ information. An Ampex video disk and tape unit were pro^ 
Vided so that individual frames could be accumulated on the disk and transferred to 
tape to permit dynamic sequences to be recorded for subsequent playback In real time, 
A data. base wa§ provided which included ^about 2500 square miles in the vicinity of 
Las Vegas. Both culture and terrain data as stored in Defense Mapping Agency (DMA) 
source data were included in the data base. In addition to this, ten special target areas, 
which includetJ runway j power plant, and power lines were provided to supplement DMA 
source data*v ' . 



RE$ULTS; The system was tested by generating both static and dynamic sequences 
over many portions of the data base* Dynamic sequences of three-^minute duration 
were generated with no perceptible scene discontinuities during the transition from 
^iBk to tape/^Update rates for individual frames covered from 10 to 30 seconds per 



frame, dep^ding upon number of edges contained in the scene and degree of smoothing 
employed. Scenes were succesafuUy generated employing many combinatibns of edge 
smoothing, transfer function and noise . , ^/ J 



' Co NC L Uff IQ NS - The system as devero^d under this effort has demonstrated usability 
as a research tool fof conceptual and algorithm development applicable to TIS and 



EKLC 



LLLTV simulation lor training: The floxibillty ai'lorcled through uso of software 
emulation and vnrlety of both tor rftln and' culture whtch can be stored, processed and 
dlsplflyed should 0rovl,de^i very versatile and cost-ofi'octivo tool for research purposes. 
It 18 anticipated that system capability will enablu Its use to support developm'ent ac- 
tivities in the area of texture synthesis for Im proving cutrent technoloro' as well as 
new concept dovolopments employing non-linear techniques. 
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1.0 INTRODUCTION * 

The development of airborne Infrarod and low Ught levul tulovlsloh systoms hfts pro- 
grebBBd to- the extent that these systems afo uurruntly in usa In tho B-'52 woapon iy§-^ 
,temi Furthermoro J these sensor systejns are likely to bo used In futuro ^oapon 
systems/ ^ 

There Is at pref&ent no efficient and cost-offoctivu cnipablllty for training crows vvho 
must uijdorstahd and operate theso sensor systems, yuch training mugt bo based upon 
a taiowledge of the capAbillt^ inherent in present teehnology for aatisfylng thia roquirc- 
ient4n^ any subsequent development which may be required* 



As a result, the Air Force Human llesourcos Laboratory (AFIIIll^) conduatod e^plor^ 
atory prbj;rams>'hich gained insight Into the [.Kirformanco charafctoristlcs of these 
sensor systBms and*oetabliahed potential suitability of coniputer Inuige gonoration tech- 
noldgy for satisfying the perforniancu criteria imposed upon thb hardwaro^imulatiun 
system. Those programs included cultural features only anil woro liniitod to stutlo 
Situations from the standpoint ot the simulation and the output seenari\)B, General ^ 
Eldctric supported this- exploratory effort under Contracts 15-74^5 101 
and t'33fil5-75-C-5243, - 

As a next stop, AFHRL initiated an advanced development program to uKpand Simula- 
tioh capability to permit gcneratlop of a dynamic simuhitlon, Tho goal was the devel-^ 
opment of a system fn which simulated flight maneuvers could be conducted over a ' 
limited gaming area containing natural terrain and cultural funturoB while recording 
the output scenarios during this simulation. Time between update^ wan to be mini- 
mized so that ttecordings could bo made in nonreal time with playback in real time. 
In this manner data base Information and algorithms could bo evalLuUad uiicior dynamic 
slpiuiation conditions ru[Jt^Jsentative of real-time systums, 

A study program was initiated to determine on a competitive buBis the bent dt^sign for 
a,system oonsistent with cost, maintainability, flexibility, [incl teasibility, Th^' Btudy 
programs wei^e to result in a complete definition of all gencrar j3Ur|)osc and special 
purpose hardware required together with requirements for softsvare programs to 
effect the simulatloa* rhe study was to definitizu the hardware and aSHQciated inter = 
face required betwqen hardsvaro components and for Integration into thu existing 
AFHRL facilities. 

The study program was completed and the tiencral Electric C Dnipany was solectbd to 
perform the follow^on effort, This follo^-^on effort ^lovors the falsification and iniple- 
mutation of the system defined by General Electric under Contract F33(; 
This previous work waslalso under the direction of Mr, William T. Foloy of the Sim- 
ulation Techniques liranoh of the Air I'orcu Human Hesourctis Lal^oratory at Wright- 
Patterson Air Force Base, 



Th€ iffort perfdrmed under Contract F33615-7B-R-0059 and deid^ibed In thii report, 
encompaBsed the deilgni fabrication, and ImploniGntntlon of the Bonsor fllmulatlon 
iystem leleoted by AFHRL from the part ono Mtudy phase. The. systQm linplBnieiita- ^ 
tl6n Included the installation i checkoiit, and Integration of the GonGral Electric desl^ec 
system into the Simulation and Tfainlng Advnncc Flcscmrch Syatfcm (SrA^ta) simulation 
itAFIlRL. 



The tasks perfornied Inclutkul tl#|)urchagt» of gotionil (mrpoao coniputatlonal and video 
recording equipment, fabrication of B|K?dlal purt)oBo hrifdware, and tlvd^adaptatlon/ 
developmertt of softwAro to provido tho ihusor Blmulatlon. progrnnis that are cornpatlble 
with the hardwaro configuration, ThcMotal Hystcni la capable of 0|)GratlnK in a dynanilc 
modo, LeV, the time intervals between HuccuHslve flrunarlos are Bufficlently short so , 
thrtt playback of auccessivcly r'acordinl sccncB can bc» ncconipllflhpd at real --ttniu rates, 
The s^imulaXlon Includes a data briau which jiermita simulated night prpfUos In any de- 
sired diret^tion over the gafnlng area* The total (effort 'Included data imse preparation 
froh\ UefenHc Mapping| Agency (lilVlA) Hourco data aiui a slmulatlun program to extract 
data, establish prioritreH, f)erfnrni <lata iranRfarmatlon, Infiert ilp effect of atmos 
phere, and transfer chnracteristlcs of acnaor syBtcm and prepare video for recording 
iind display, ^*hc equipmont InvolvcMl Is Inlorniced ho that data may ho transforred be- 
tween ganoral purpoBu and H|R?cial purpose hardwaro and video rucordlng and dlflf^lay 
ha^rdware. The total syjatem is configurod to enal)lo maKlmal use of general purpdw 
comFTutational equipment consiHtenl with syBtuni fluKibillty and rapid Himulatlon updlk^^. 

The basic approach u^ed In this |)rogram was dcvulo|)ed during the Airborne Kluctro- 
Optical Scnpor Simulation (AI^OHH) dusign dofinltinn phase (Contract FHafnfi-T5-C-5287) 
and docuiiiented In the final re[)ort for that pro^^ram phase, Whllo nU)dlflcatlons to the 
Initially cefined approach were made, by incorporating diHional capabiUtios to better 
mpct ovej:'all program ohjcctlvc^H, thu basic approacti is Htlll directly [iattornccl. after 
the hardv\are orgruili^ation eniployod hy OfMicM^al Klectric in the design of ruaP-tlnH* 
Computer Image Generation (CUi) syBteniH. This is an iniportant feature of thu Hystem, 
onsures that all algorithnis and tuchniquea employed can be inipluniunted in 
real-time systems, Ihis Iniportant feature was alHo retained in the onrllur 
all softwrire simulation nuHhd (l(^vclu|X3(l under Contract v:m\\^-7 \-^vn by (RMieral 
Electric! 



in that It 
practical 



Thus, thci primary thrust of this effort was to reduce* thu per seune proceSRln^ time 
CKhibited by the. earlier all Hoftwarthniodul to the nuninium level consistent with re- 
taining the major flexibility characteristics of the software model , I be niethod eni-^ 
ployed involved a threefold a[)proach. ti|KJcial hardware log\c modules were deHignud 
to ijorfo^ni those computational functions that are most time-conHuniim; on gonural 
purpose Icomputers and whe^'c ncxibillty could bo rctaincfl with a imnlwurc ini piemen- 
tatiotr. The computational (^umcity of thu H'VAm Higma 5 was augmented by adding 
two IM)P 11/45 computers to the facility and alluc^aing general pu rpoHc coni|)Utational 
functions aniong the three machincH. At the same time, many algorithniH were nuKli- 
fied and/or reprogrammud to a(4iii»v(» mow efficient uNccution on the rcsfHictivo 
machines. . ' 
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?.0 Tf CHNICAL DfSCIIIPTlON . 

2.1 IMPL^MENTATtoK OVERVEEW 

to addteiilng the implementAUon of this i^nsor almullrfhii It li odnvenlent 

to obniider Uie propani'ln two mAjor partfi. Om paftln thu iimulAtion model (tselft 
l«e. , tha cG^binatlon of hRrdwAre and floftwaro wMoh, given an^ onvdroninent definl^, 
tlon (datajirfge) and aailgned procoa^g parafneterfly will produoe a videotaped ae*- 
quenoa Validly airiiulatlng the doalrod ienior ayatem diaplaj^ for the apeolfled night ' 
path, atiTiQa^herlc and lUuminatlbn offocta, flyfltGni parameters, etc. ^ The seeoncl 
part of tho total effort Is the onvlronniont definition or data base provli^d with the 
syatem, Intiudirig tho ddvolopment of the floftwaro for automatic tranifoi^iatlon of 
DMA data to a terrain model suitable for procesfllng by the flenrtor almu|ation system. 



2.2 8KNS0ri SIMULATION DATA IjASK 

4. 



This 0imulatio^ progrimi Inuluded tho devoIopment^U delivery of a complete gaming 
area data base dorivod from DoUmno Mapping Agpncy Aoroflpaco Center (DMAAC) 
source data and augmented with H|H)alnl tiir^eta of Interest. In addition to the data 
base dellverod with the syfitem, flixiolal softwfiro data base transformation routines 
were dovoloped for ojcecutlon on tho Sigma 5 coniputor, ThoHo routines, accept DMAAC 
sourcb data tapes and crontu addltinnal data hasus for the sensor simulation systxim. 

2,2a UKhWKllE]) DATA IIAHi;- I ho gnrninK area HoioaUid for the initial data base 
Is a ono-degrnn bitltddo by oth^ clr^gnu^ longltuclo aroa which IncludoH tho qlty of lais 
Vogas^ Novadtt arid thu surraundlnK eourUryHldn prlntarlly to tht3 Norths Kast, iihd Wost 
of Las VogaH, : \ ^ 

Tho terrain modul Ih a V^^al wcnid*' niodtd irouHiatlng of ctontlnunuHly varying terrain 
ovur thi? OiYtiru gnndng ar na , ThlH ItM raln niodcd waH dc^rJ vihI «mti nily from Inv(5l 1 
DMAAC digltar Hourco data for the arna. In aflfllilon, all levol 1 and lovol 2 DMAAC 
culturol (pianlniotriu) foaturuH aru incluriud in Alio data buBu iw doflnucl lirthu digital' 
flourco duta* ' 

Additional culttiral IcMiturt^H wort* addud to tho DMA Hfairoc* data to provido moro d(*- -* 
tallod featurow for nifotioK roH(*ar<di/uvaUnitlon ohjuctlvuH ot tho prograjfu, v rhoHi! 
foiituruH do not ap|)oar In fh<^ DMA ^ourtu^ diita, or do not a^i)oar with HutfleUHit dotall * 
to pc)rniit lovol of dotal! and rolntoH niodoi oharaotorlHtlcH ovaluatlonH, Dutailud fbar 
turoB added Includo! (1) an air|>ort oomplox^ (1^) an oil ntoragt* aroa: (Ji) a largo fao^ 
tory.^uuniploH; (4) a ^X)wor plant; (H) a larndnK aroa; (fl) a jjort city; and* (7) inoro ^ 
do tKflodf power poloH, l)iidgC!H, iHv. 

ThlH (lata basy is atrui'turcfl to allow lor dia[jlHy ol dllhuHait l<*V(dH ol dotull down lo 
doors and wlndW^H for cultural objootn, rho data baHo ran alHo ()0 inodlflod/updatod 



under Hoftwaro cK^trol . ] 
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2.2.2 TkANSFORM^^ION SOFTWARE ROUTINES-^General MGctrie also develO|^d 
and Slivered a data base truiilormatlon prograni that le oapable of oonvertlng grldded 
' ioU^oe data ai furalshed by' the DMAAC Into a fdrtnat suitable for prooesabig by the / 
aenaor •IniUlatlon equlpnient, ^Thl« loftwAre program was lmpleniertte*d oft the STARS 
SlginA B Computer and oaii prooeM any region of terrain within the continental U,S, of 
one-deg/ee latitude by one-degree longitude in extent. This program aoeepts level 1' 
souro© data prepared by DMAAC on magnetla tape and creates a terrain modal In 
accordance with operator flpeclftod accuracy crlteiria baaed upon tihe roughnesB of the 
tei^raln. • : : 

2.3 SKNacjU SIMULATION SYSTEM . 

The At|oSS syatoin as dovoloped by the General Electric Company is depicted in 
Figure U - All soon© generation bogins wlthli\ po STAHS Slpna 5 computer, pasiaB 
to the two PDP n/45 ooniputurs, then to the flpeclal pur^se hardware modules. 
Onco the s|X3clai hardwaro proeoBslng Irt acdompllshod^ a complete scene Ig loaded 
Into^the scene memoiy and then ro corded on the video dlnkp When the video disk ^ 
is fully loaded with GOO framcB of video ciatiis the video disk sequence is traneferred 
to a vid^o tape unit where lonj^er wocjuoncqa are assemblod. Playback in real time 
from bdth thb video disk and vldou tape is possible on a CRT which Is^also part of the 
AEOSa syatenu Ari each flconu is goneratod. It is also displayed on th%^CRT to allow 
ot>t5ratof viewing of each framo as the sequence ip prepared* 
' \ ~ ' ' ^ ■ ■ ^ ' 

2ji,l SENaOii SIMULA liON SYSTEM EQUIPMENT— Equipment elements of this 
design conngurfltlon fall into thrt^u major categories; AFHRL STARS faelllty equip- 
ment, cieneriil ^M<K^t^^a ciqHlgnu cjqulpment and, vendor equipment purchased by 
fkmeral Elantrlcf an^^iito^rritu into thfe system. Major equipment units are shown In 
' Figure 2, rht^rolntton at this nquipment to the STARS Sigma 5 is described in the 
following [)arfiKrn0hH, ' 

2.;|/1, 1 SI AUS Sl Ri tHt f) Jkiulpmunt — The Air Eorce Human Resourpes Laboratory 
STARK lru!llity equipmont nvnilabln for this program consisted of a Xerox Data SyQ- 
ium Hi^nHi 5 ( untral Prncc^HHihi^ Unit (CiHJ)^ core memory, and numerous peripherals 
coritrolhMl Via a MultiploxlnK input/cjutput Processor (MIOP). The CPU.andMIOP 
each coniDiunlcate with ^lUMunry on a private bus connoctod to both membiy banks 
thnniKh nuiitiory [)ortH, rhu laHtdBt port, usually roforred to as Port C , on each bank 

K\H ( onnoctnd to tht* CIML i hlH porL is |)ruHclcctod by a memory bank when no memoiy 
uycIb'iH in progresB, thus creating a Hhortur aeloctlon Interval than can atohleved 
by allwv [)ortH. A Hcuond port, I»ort 1$, services peripheral devices by means of toe 

\\1I()P. Porl n hitH a hlghur priority ^than P^rt C and will therefore bo serviced first 
in a Hituatlun whuru both inurnory portB aru^ receiviiig requests for service. 

The MIOP provldeH InduiKmfiunt uonlrol of data transfdrs between memoiy and perlph- 
t'ral {luvicprf by iwilyi\ii\m onu or inoro dovico controllers attached to its algnaT bus. 
rhr haHii* MIOI^ iumUiim <^ighl Bubchannola each of which accommodates one device 
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controUor. Tho MIOF can control ruul^yequunce ihu I/O operatioiis or miy numbor of 
Its associated controllers aimultanoously , allosving the CPU to concentratG on program 
execution. Any oventa which require CPU inturscmtion uru hrgUght to the attantion of 
tho CPU by niuans of tho interrupt Hyatunu 'rhu niaxinmni coinbiiied data transfer 
rato of all device controllerH opx^rating sinuiUanoQUHly through one I^IIOP is approx= 
imately 400,000 bytes per second. 

In order to interface tho PDP 11/45 coniputera doHcribed in paragraph 2,3.1.2 to the 
existing STARS Signia'5, additional equipment was added to the STARS facility. This 
additional equipment conaiated of a secund MIUP, three memory port expansion kits» 
and two device subcontroUers. Thu additional MIOV was required due to the heavy 
loading of the already existing MIOP, AlllRI. also expiuuled the Slgnia 5 core mem-^ - 
ory; thus, tho need for three memory port exprmsion kits. Two device subeuntrollers 
were added so that the Sigma 5 could communicate directly with both of the PDP 11/45 
computers , 

2', 3,1.2 PDP 11/4 5 Ct^m puterH — Fwo PDi^ II 45 computers were procured by Gen- 
eral Klectric to Bupplemcrit the eomputatiotKU capability of the Sigma 5 and reduce the 
per Scene proeesalng time, l^ach computer ol Figure 1 consists of a central processor 
unit, a floating point pruceHrior, a DKCwiMter console, a programmer eonsole, and /i 
4=level automatic priority injiMMHipt, t\)niputei' A also has U4K oi core meniory, a 
2.5 million byte disk cartridge drivt* antl coiitrolhu', a necond disk, ch'ive with a non- 
removable, dual dtuisity lUsk, a ilual ik)ppy dink, and a li-track magnutie tape* trans^ 
port and contra! unit. C'nmputtM* h has 4HK of core and a single fluppy tbsk. Tlie com- 
ph*te configuration alsu inchuU^H Hcvi^n (7) nUll-H interfaee units configured as shown 
in^ 1* Igure I , 

I'hiH minicomputer nystem in tHJufigured to allow direct coninumieat,ion between PDI^ 
computer^, with the Slgnia ;> computer, and to all Six^eiarpurpose hardware moduli's. 
A Sigma 5 independent opc^rating motle in also possible wherein edge controls words 
are recorded on magnutie tape by tlie Signra 5, The Sigina 5 etige control word tape, 
containing numy fraines of data, can then be translerretl to the PDP magnetic tape 
unit and scenes cnn iu* generaLtul withnnt direct interfacing with the Sigma 5, 

2.3,1,3 Spiudrd [Hir[)oSc Logic antl [^{eeording l^quipment — Phe special purpose logic 
iind reeoriling (Kjuipnumt and its points uf interface to the PDP 1 1/45 computerH are 
depicted in Figure 3. The eoinputatlonal functions implemented in S|)ecial purpose 
logic consist of the ordt^rer luncticn, the vidiH)'aHHcinbler function, two vick^o coni- 
b i lie r f u ne t Um s , an edge s n u > o t lii n g f u n i M i o ^ and a sen s o r t r a n s 1 e r lu n c t i o n . 

'I'he orderer logic orcku^s the t^bMiient nmul)ers corresponding to the [irojected data 
.base cMlge intersectioiiH with i*aeh raster line into asctuiding numerical orcUu'. Dp to 
512 such Intersiu'tiopH ca!\ Ix* cuHlerHul tor rnch raster line. 
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The video assembler logic receives the ordered edge Intersections from the orderer 
logic j resolves priority conflicts, and ff&tputs only the edge Jjitersections which are 
visible wltMn the scene. Prior to this point ^dge intarsections observed by nearer 
objects must al^o be processed. Note that two^imanslonal, three^mensional, and 
fog edges are separately processed to this point. 

The video combiner logic combines first the two-dimensional and fog edges, then adds 
the three dimensional edges, to end up with, a single tone for each picture element. 
Thus at this point a complete CIG type picture (without edge smoothing) has been 
created. 

If the syptem operator has ^elected edge smoothing, the raster lines and element num-- 
bers referred to in the preceding paragraphs are actually '^sublines'' and ''subelemants* ' 
That is, ijjpre raster linos and raster elements will havB been computed than will ul- 
timately be displayed, Tlie edge smoothing logic accepts the data for the subelements 
on each subline (element number, tone, and delta tone) and generates smoothed 
data, free of staircasing effects for those raster lines to be ultimately displayed. Up 
to 16 sublines and subelements of smoothing can be spefalfled by the operatbr. 

The final stage of special logic is the sensor transfer function logic which applies a 
weighted matrix transfer function and sensor noise to simulate the transfer character- 
istics of the particular sensor being simulated. The final tone assigned to each ele- 
ment is thus computed based upon a weighted average of the tone of-the element itself 
and the tones of up to 24 of its adjacent neighbors. Both the number of neighboring 
elements to be considered and the weight assigned to each element tone is specified 
by the operator. The operator can also specify the amount of sensor noise to be added 
to the video. 

At this point, one raster line of video is complete and it is then loaded Into the scene 
memory. The scene memory Is a randorn-access semiconductor memo^ built by 
National Semiconductor, This memory Is configured to store one complete frame 
(scene) of 8-bit, digital video data consisting of up to 480 raster lines of 640 elements 
per raster line. Thus, each picture element can be one of 256 grey shade levels. 

Once a complete frame of video data has been written onto the scene memory, that 
scene is recorded on the video disk recorder and also displayed on the CRT, The 
video disk recorder thus. accumulates consecutive frames of video data for subsequient 
playback in real time. The video disk used in this system is an Ampex Model MD-400 
which utilizes a dual surface disk. Up to 600 tracks of data can b^ recorded where 
each track coincides wito one frame of data. Playback at the standard TV rate of 30 
frames/sec allows for up to a 20^second rbal-tlme sequence to be recorded before re- 
peating. Each successive frame of data Is precisely positioned with respect to the 
preceding frame such that a continuous sequence is perceived upon playback. The 
Ampex MD-400 can also display any single frame of data as a static scene from any 
scene recorded on the disk. 



When dynamic sequences longer than 20 seconds are desired, such sequences are 
accumulated from consecutive 20-second sequences on a video taj^ recorder. The 
video tape recorder la m Ampex Model The VPR-1 Is a precision device 

ttat allows near ^rfect matching of consecutive 'sequences to create ipnger sequences . 
Thus , any number (up to one hour of real-^time vid|0) of 20^second sequences am be 
transferred to the and precisely positioned \;v^lth respect to the end of the last 

2Q*mlnute sequence, y ^ ' 

The entire recorcUng |/quend|e from scene memoiy through the yideo tape recorder is 
under the automatic Control of a special .controllfej* which receives all its mods com- 
mMds from the master PDP 11/45 computer. That is, no operatot control is.required 
beyond an tidtlBl selecUon of the number of frames of data to be recorded, 

2.3.2 SENSOR SIMULATION OTSTEM OPEEATIO^N— Preceding par^raphs describe 
the sensor simulation equipment conflpi ration along with a brief outline of this role of 
each equipment unit* The following paragraphs describe the detailed assignment of ; 
computational functions to .the Sigma 5, toe two PDP 11/45' s and the special logic 
modules, including typical data flow for generating a single frame of video data. 

2.3.2. 1 Allocation of Funqtions — A detailed description of the various computational 
functions which are performed is contelned ln the system and software report prepared 
by General Electric under this contract. The various cqmputational functions' are 
grouped into genei*a^,categories based upon the organization^ of real-^time, vlsu^ com^ 
puter linage generaflon systems designed by tSeneral Electric , plus an additional cat^ 
egory' related to airborne electro-optical . sensor simulation. These functional cate- 
gories are labeled Frame I, H, III, .and IV for simplicity. FrMie I functions are 
those functions which must be performed once per frame time, md aficoimt for the 
scene-to-scene sensor motion and various coordinate system rotation calculations. 
Frame n functions are those ealcuiatlons which are required to transform the humer-- 
leal description of tt^ data base to a set of ed^e control words which define the pro- 
jection of the data base onto an imagina^ view window. Frame HI includes $,11 re- 
maining functions which must be performed to establish the color or gray shade of each 
picture element in tte scene . Prlmaiy Frame Ell functions are video assembly ^ video 
epmblnlng, data ordw-ingp and edge smoothing. The Frame IV functions are those 
unique to sensor simulation systems, and consist of the sensor transfer funr m, 
system noise ^ md related sensor system characteristics. With this oategoii^ation of 
functions In mind, the assignment qf computational functions to the computetional units 
can now be described. 

To achieve the fastest possib^ per scene update rate conslst||it with fully flexible 
design and reasonable cost^ &e pipeline processing technique (iisftl most ettectively 
in real'Ume simulation systems) was applied to the sensor simulation system desipa. 
With the pipeline processing tech^que, the complete set of computations required to 
develop a scene are asslpied to separate ^ sequential processing units. Each scene is 
partially processed by the first computational uidt, then the partially processed scene 

\ " . 1 o 
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data is passed on to Uie next computational unit. While the gaqond coDfiputatlonal unit 
performs furtoer processing on the first scene, the first compi%iional unit begins . 
processing ^e next scene. Any number of sequential processing units cm be used, 
subject only to the nimiber of simple divisions which can be made for the total scene 
computation^ tosk. For this senior sto^ation system, two stageS of pipeline pro- 
cessing were chosen wltii the first st^e being the Sigma 5, md the two minicomputers 
and special jpwrpose lo^c comprising the second stoge ot processing. It should be 
noted that the time to generate a single scene (and the first scene In a sequence of 
scenes) is the total additive time of each processing stE^e.* Once the pipeiine is filled 
(in this case it tates two consecutive scenes) however, a new domplete scene is ready 
for display in the processing time of the slowest processing stage. The average scene 
' update rata for a large number of sequential scenes thQ^refore approaches the time 
used by the slowest stage of pipeline processing. I 

ffi this system , all Frame I and Frame n functions are assigned to the Sigma 5 com- 
puteri ^he exlsUng Sipaia programs were mo^fled to provide more efflclent execu- 
tion by setting up larger core buffers, utilizing double buffering tedtolques tb reduce 
disk accesses, and taking better advantage of scene statistics to nUniE^lza rurinlng 
time * The Frame III and Frame IV functlon^^were divided between the special purpose 
logic and the two PDP 11/46 computers. The crfTterer, video assembler/combiner, 
and edge smoothing are Frame III functions assi^d to hardware and the sensor noise 
and sensor tr^sfer functions are Frame IV fimctions, also assigned to hardware. 
This hardv^are augmenting of the PpP ll/45*s was essential In order to achieve rea- 
sonable scene update rates because of th% tlme-contfuming nature of these functions. . 
It should be noted, however, that the fleribllity of the simulation is malntolned since 
these functions must be performed by ^y sensor simulation approach and the hard- 
ware is designed to be software programmable In terms of degree of smoothing, sen= , 
sor transfer function, and M^ount of sensor noise. . 

It should also be noted that the two PDP 11/45'/ are configured to operate in parailel, 
performing exactly tie same functions for different raster lines. One PDP operates 
on even raster lines while the second PDP operates on tte odd raster lines. Thus,, 
both pa^llel md pipeline processing tectaiques are utilized In this desi^* 

2*3*2,2 Data Flow Sequence— Date flow through the system originates in the Sigma 5 
computer. Processing begins with the reading arid interpretation of the operator in- 
puts whlchj define ttie parameters controlling the scene to be generated. The Frame I 
functlonS^ are then performed by three separate software routines. The first routine 
generates the Scene Data Base file using the Extended Data Base file and the control 
parameters input by the operator. The &ene Data Base file contains Information only 
\ for that portion of the Extended Data Base file that is within the field of view as defined 
by the operator Input data. The Extended Data Base file conlains all the information 
defining the complete gaming area date base as described in paragraph 2,2, 1. As Uie 
Scene Data Base file is created, a list of the range from the selected viewpoint to each 
face of each object in the scene data base Is also created. For three-dimensional cul^ 
tyral objects, the object centrold range is assigned to all faces of each object, 
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-. The next routine determines the relative priority of all the three-dimtnsijonal cultural 
objects wltMn the field of view. For priority purposes, a three -dimensional cultural 
object Is considered wltibin the field of view If-^y portion oi an encompassing sphere 
is within the field of view. For this purpose both\n object centroid and object radius 
are defined as part of tiie EKtended Data Base file. 

The final Pranae I routine generates a combined face priority list fop all terrain and 
objectJaces within the fleld of view. This Is accomplished by modifying the fac^ range 
list generated earlier, such that the asslpied ra^ge value for each three-dimensional 
cultural object (and all Its faces) varies Inversely with Its relative priority. That Is, 
the range values are forced to Increase as relative priority decreases, fti addition, 
the range value for each terrain face Is forced tb be greater than the r^ge to any three 
dimensional c^^ral objects that Is superimposed on that terrain face. In this mannefr 
a range llsf is created, for all face's ^within the field of view, which varies Inversely 
with the priority of the face in the event of priority conflicts. Finally tfts'range list 
Is ordered by increasing range to produce a unique priority number, based upon the 
position In the ordered list, for each face In the scene. This priority list is retained 
In memory for use by the Frame n routines In constructing Edge Control Words. 

It should be noted that the creation of the combined face priority list required the de- 
.velopment of a new algorithm for this program. The previous all, software programs 
operated on an object priority basis rather than a face priority b^sis. For an object 
priority scheme to work, convex objects are required. Construction of convex objects 
to define terrain from DMAAC source data is not practical with automatic software 
^ techniques; thus, a new priority rout^e'was required. 

Once the priority list for all faces is complete, the Sigma 5 begins to execute the 
Frame II routines. These Frame n routines are the same^outines implenjented in 
the all software model, except that the routines were modified to operate on a face 
priority basis rather than m object priority basis. The output format of the Edge Con- 
trol Words generated by the Frame EE routines was also changed to be compatible with 
the 16-bit PDF 11/45 computers. 

The Input to the Frame U routines is the Scene Data Base and face priority list de- 
scribed earlier. In general, the Scene Data Base and priority list will remain the 
same for several consecutive frames, when the viewpoint moves very little between ^ 
frames. Thus, provisions are made to allow the operator to specity the number of 
consecutive frames of Edge Control Words to be generated by Frame II before the 
Frame I calculations are updated. At the same time, parameters such as viewpoint, 
boreslght, time of day, or any other control inputs can be specified to chai^ge at any 
particular frame or at every frame. 

The Frame U routines generate an Edge Control Word for each edge of each face in 
the scene data base. These Edge Control Words consist of the projections of the data 
bage edgei to the image plane. Each edge is defined by the raster line and element 



12 

20 



number pairs at which its end point projectioni pierce the view plme ^ the slope of the 
edge projection, md various otiier data Including face tone iV priority, etc* . 

All data files used and created % Si^a 5 Ftame I and Frame n routines are main 
talned on the'a^a 5 disk. The Frame n Edge Control Word output file can be 
Written on mapietic ta^ for later mput to the PDP 11/45' s or sent directly to the 
PDP's for Frame III prdcesslng, ^ 

The Frame ni proceistag In the PDP computers is sorted b3j IrdtlaliElng the control 
parameters (from operator inputs) for the PDP edge generator routines providing 
Edge Control Word data, either directly from tte Sigma 5 or from magnetic tape* 
When the PDP 11/45' s receive data directly from the Sipna 5, the two PDP's work In 
parallel to produce edge crossing data for each of their respeGtive raster lines* The 
master PDP produces data for even-numbered raster Unas, while the slave eoinputer 
produces data for tfie odd-numbered raster lines. When Edge Control Word data is 
received from magnetic tape* the master PDP reads the date into its memo^ and then 
shares the data with the slave computer ma they produce edge crossings for tbeir re- 
Bpactlve raster lines. _ . ^ 

The output of both computers is directed to the ppderer function at the head of the 
hardware processor pipeline. The orderer logic alternately selects data from the two 
PDP's, thereby gathering data for all raster lines in the proper sequence. Thus, the 
two PDP computers accomplish the edge selection process, determine active edges ^ 
and compute edge data (element number, tone, and tone gradient) for each raiter line 

in turn* 

t.- » 

The orderer then arranges the edges in increasing element number sequence , the 
video assembler resolves priori^ conflicts and outputs only actually visible edges. 
It provides for each, the element or subelement number at which the edge begins to 
control Uie tones on the raster line, the tone at that element, md the^oniU gradient 
continuing along the line, to this manner the scene Is processed on a picture -element" 
by -picture-element basis and assembled on a raster-^Une-^by-raster^lne basis, U edge 
smoothing is being applied* the asBembled raster lines (publlnes) are passed to the 
edge smoothing logic, ^en passed to the transfer function logic. The data from the 
edge smoothing logic is the data for picture elements and raster lines to be displayed. 
That Is, the subelement and subline data have^been used to generate smoothed data for 
the output raster lines and the subelement and subline data are tiien discarded. The 
€kta from the transfer function logic are output on a line-^by-llne basis, ready for 
display • 

From this point, the completed raster lines are written directly onto tie scene mem- 
oiy. The scene memory is configured to store a complete frame of date with 8 bits 
of video per picture element. Complete frames are assembled on a raster-line, by 
raster-line basis in the scene memory, then the entire frame Is transferred to the 
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video cUik. When the video disk is ftilly loaded wlto 6O0 framed.of data, its oontents 
are transferred to the video tape unit to create longer iequences. 

As toe Slpna 5 completes its processlag'of the first scene, it Iminedlately begins to 
process tiie next scene such that at any given instan^^.ttnie, two scenes are simul- 
fanSoOTly^Bettl^roc^^ In the settsor simulation systeni. While the Sigma 6 works 
©E oaa scene, ft© pDP^s are processing Uie scene previously processed by the Sigma 5 
and provi^ng edge crossing data to the special purpose hardware logic* Thus, the 
two PDP^s operate In parallel with gne another, while the Sigma 5, the parallel PDP*s, 
uid the special purpose logla form a pipeline processor chain each performiag a por-^ 
tlon of the required scene processing. 

2.3,2.3 Software Design- - The all software routines linplemented on the APH^ 
STARS facility under an earlier contract, served as toe basis for'the current sensor 
simulation ^stem software. These erfstlng routines were reorganized in order to 
optimize execution time* By taking advantage of scene statistics, the average execu- 
tion time for a scene was- sipilficantly improved. Since the algorithms were already 
known to be mathematically correct, the majority of the software effort was directed 
toward achieving more efficient operation. Some new rouUnes/algorlthms y/ere de- 
veloped to provide a face priority scheme and also to provide fading across Individual 
faces of jolected three-dimensional objects. Minor changes were also required in 
ejdfltlng routines to accommodate the face priority approach. ^ 

Sigma 5 software consists primarily of Uie previous Frame I and Frame II software 
routines from the all software model/ The Frame n routine^have double buffering ^ 
for all I/O operations such that software execution can proceed in parallel with the 
I/O operations once they have been liytlated. Since a slgniflcant portion of the current 
Frame I and Frame n tliiie is consmned in I/O operations, slpiiflcant speed-up of 
execution time is achieved via this parallel organization. ^ 

All Sigma 5 software routines are written In the Fortran language, with the exception 
of special input/output routines which are written in assembly language* The deci- 
sion to use Fortran was made to enhance the use and modification of the software by 
the users. Very little penalty in execution time resulted.due to ttie efficiency of the 
Sigma Fortran compiler* to the case of I/O routines, however, the standard Fortran 
routines are necessarily vmvy general purpose In nature and thus not efficient in P^r-I^ 
forming s^clflc and limited 1/0 tasks. ^ i 

The software routines Implemented on the POP computers consist of previously devel-- 
oped Frame ni edge generation routines; Of course, special routines were required 
to accommodate data exchanges between the Sigma and the PDP's, data output to the 
special purpose hardware, alternate raster line processing by the two PDP's, and to 
control ttie recording process. 



As was the caso'with the Sigma software, all routines except special I/O routines, 
were written in the Fprtran. language* Double buffering of data files at both the input 
and the output of the PDP processing was also employed in order to overlay I/O time 
with processing time. ' . , 

2^3,2,4 Hardware Design— The video disk, video tape unit, and tlie PDP c^oifipuler^^^^^ 
and peripherals are provided with their own enclosures by the equipment vendors* 
Packaging of the CRT display, the scene memory and the special purpose hardware 
logic was provided by General Electric, The CRT and scene niemory are mounted 
in one standard equipment rack and Interfaced to other equipnient units via General 
Electric. designed cables and interface logic. 

An additional equipment rack is required for the special purpoae logic designed by 
General Electric, Design techniques^ and packaging are based upon the General 
Electric designs for real --time visual and radar simulation programs* 

Physical and functional arrangement of the, special purpose hardware within the equip- 
ment enclosures has been selected to meet the objectives of high reliability, easy 
maintenance and maximum utilization of space. The enclosures feature plug-in circuit 
boards, hinged card file assemblies, power supplies, power control devices and cooH 
Ing air blowers.,^ 

Circuits used within the special purpose processing equipment are packaged on plug- 
in boards. The boards are approximately 5.5" x 9,75'* in size with a design capaolty 
of 40 Integrated circuit devices and a 140 ^in edge connector, of which 12 are pre-^ 
assigned for ground and power, leaving 128 available for signals. Extraction devices 
are provided on each board eliminating tjie need for special tools for insertion or 
^ removaL The circuit boards used are solderless wrapped boards of a universal de = 
sign which lends itself to any circuit configuration by means of its capability of being 
aolderless wrapped, either by machine or manually. 

I 

The circuit boards are plugged into a card file assembly , commonly called a "swing 
frame'* because it is hinged on one aide tor access to the backplane wiring, and such 
devices that may be niQunted behind the swing frame. The swing fraine is composed 
of the circuit board guides which assure proper line up of the boards and their corres- 
ponding circuits; the backplane which contains all the circuit board connectors and 
their interconnections; and banks of cooling fans located top and bottom, to provide 
continuous air flow during operation to all the circuit boards. 

The principal part of the swing frame is the backplane. It is a two sided copper-clad 
epojg^ glass laminate, which is precision machined to mount the board connoctors and 
intercorinectlons devices with sufficient accuracy to permit autoniatlc wrapping. One 
side of the backplane serves as a power plane and the other as a ground plane. Power 
and ground 6onnections are carried to all circuit boards by means of direct connec- 
tions between board connectors and the planes. Power and ground is In turn carried 



to the.swing frame by a clunl sot of fluxible hoavy ciuty^cabluH which nva iiiaartutl/ 
bolted the backplane. Signals arc carried to aiui from the backpyuio with 
zero-ihsertion force, lever actuated 9G pin comiectors that are BoUiarluss wrappecl to 
the circuit board coniiectors. 



A coordlnate^.system of row and column dosigimtors is used to identify each card slot; 
such information is prominently displayed on the face of the swing franio,^ To aSaist 
in properly inserting the circuit boards, deoals are niounted on the fac^^tf the swing 
frame that list the circuit board slot and board itlentifieation code,. The board idOntl--. 
ficatlon code is printed on the t»jector and thus is roadlly visible on all boards whothor 
mounted or unmounted. 

The enclosure used will accommodate up to two swing frames. The arrangenient is 
such that full access to any circuit board is possible by opening the oiuTosuru door, ^ 
Filtered cooling air is drawn in through intakes located In the lower portion of the on-^ 
closure and discharged through ijerforated panels in the top, thus maintaining a posi- 
tive pressuro during equipment opef'ation and minimizing dust aeeuniulatlon withiiu ■ 
Standard 120 volt, Gd cyelu power is the only facility power utili^ud an logic power 
supplies are contained in the equipment ruck* i ^ 

3.0 RESULTS AND dONCL^SIONS • ^ 

3.1 RESULTS / ' 

The results of this prognun cmvbest be meaaured In terms ol how well thu uhjectivcs 
at the program outset are met by the Hystem deliveretL The ubjuctivu was to clevelop 
and deliver a ftist^ nonreal-time sensor simulation image generation HyHtem with real- 
time dynamic playback capability to be usable by AlTlliL as a resuarel) tool, Mlie sys' 
tern was also to retain maximum flexibility to evaluate iUfterent algorithnis, and pro-^ 
vide the capability to create ami record dynan\ie sequences tor plAyback in real time. 

In terms of these general objectiveB the prdgrani is m unqualified BUccesa, RcBUlta 
obtained during the test and evaluation phaau have proven the flexibility of tbu Hyatem . 
The programnuibility of the tunetiona Lmplemented in hardware allows great latitude 
in evaluating diflerent sensor eharaeteriHties mul (Uftornnt edge Hmootblng iniplemeu- 
tations. The operator input parameters allow setup of any stHuie par'unu^terH cluHired 
md permit unconstrained selection ot viewpoints witbin the data hmc\ In acUUtion, tbt^ 
capability Is provided to bypass the hardwaru algoritiuus and replace those functions 
with any desired software algorithm, should even greater algorithm nexilnltty l)e 
do a I rod. 

Dynamic sequences have been recorded which demunstrale the ability ol tfte HyHtem (d 
create long dynamic sequences for playbuek in real time. Huth the ciuallty ul the in- 
'^divldual frames of video and the quality of the overall sequenceH havt^ provtui Haliafae- 
to^ for moetln^ the program objiu!tiveH^ ' 
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^'Vhc tiinu ru(iuir(Ml lu ^(»ru»r:itu t'tuiiplrx ntuMu^M wiih iii^;h (U'dcf irunMhM' liitictionH Iuim 
I'tMlucutI l)y (i factor hotwiM^n sixty iu ui\v aiul ninety tt* oiu*, (iei'HMuiing lipoii \\\v 

' c'uiii[)luxity of the HrltH'ttMl npoT^i*. wluMi cunipariul tt) iln: all Hoitwaru inucJuL \ hv tiniu 
|)unalty paid tur hif^h ortituA'd^u HnitHtiliii^^dHrM also hvun ^rt'atly reduc^'d. It Hhould 
bu nutud, howu\t'i', thai tor a j4ivuii Hcunoc tlu^ ^u'lMU* gtaicratioii iimc in (tijuH'tly 
hitutl to the urdur ul luigu sniuotliiiig srh/cit'd, ^ It should alao ho notocl that tho Htasiu 
pignoration tinio in nosv oun^ilotolv indi^ponciont uf tlio transfer funetlon applied. 

In spite ot the t runioiuloiiH reduotien in the tune roqairod to ^onorate a ti^aiile ot s lduo, 
tho HpiH^ific design goal of lo sorfaidH nr U'ss iov sobuMed ooinfUe^ sreiu's was not 
reaclHul , While many ro;isnnai)ly eoniplox HooiirH oan be );taioratecl in loHS than 10 
rieconds , an avera^o'sta'no ^;oiioratiOn imio tor scrnos IronvMhi' di-'livertMl data biiHe is 
prob'ibls^ olost/r to Lii! S(,ua)nii;<, 

In thr t'itrh' test ;ind {^vnluatinn phast^, soi-iio iMMH^rntion tiinos ot up so^oral nunutes 
uto'r riot unot>(!Uii' Ml.. This 1* tl tu ao rsaluaiiou i^l Ahoro tinu' was lost and how laster 
stasit/ ^oihTation tiinrs ooulii br acMiii^UML I ho snnu-what sur[)r"isiiu^ roHult ot thi.s 
i^s aluatPMi waH.-lhat Iho iikiiui' tartor naoni;; sriMu* tU'oo rat iLtn (iino \sas tho sizi' ot tho 
ooi'o nionM>r%^ data faiMtM s in iht' Snoua and 1M)P 0{>ni putt^ I'h , rhat is, tlii^ oakada-- 
tiu[i tinio inv(»hi'd \s'as al a sai i spu'torx lt^\ad ajid I () tranHlor tinu* was iiut a nian^r 
latMor. 'Tiio roal [H'obloin was tho biria- iuunl>or nl data aota*Hsos rtHjUiriai tor caini - 

sot-nos ihw to tho si/r ol tht-^ e(>ro naanoi's" iuiltrrs in rtdat ionshif) to the total data 
r^Mpniaui to noiu^rai^' a roi: pb^\ fiU', It was lua that tho bultors wore small, i>ut 
raihof tfia! i-^r d;tf.i miij i affrnts [ht sonu' worr taiorauous. nnro tlu^ probloni was 
isolatod, thr (>b\i(ius >^t)biliuti \\ a^- rri^ato la r^o'r biilior - , I 'nbit'tunatoU^ all IM'^P 
t'oro nionior\' \sa^* alfoaii^ lulU' :i 1 1 ! io;i tt m I U) \n\\\vvy> and prograin stoiaige. Thus, it 
was noct 'ssa r\- in add addiiinnai isirr intaion^s^ in tho bpP oi)nti^^urat ion. Hy adding 
(jiif' adthtittnal I'd. t lu^t^ ni'aniU \ niiMUilr to ono ui the !M)P ou!n|>uli*rs and all(>oating all 
ot tlio additional mro ti|^.(ho tMh'.o t onl I'ol \soi"d hultors, a lpur~to--one i'talufdon in soono 
gonoratit)n tinro waui at^hu/X' d h^r ^Tidt^-Kj^iai laanplox ^>eonrs, AlluiNition ol adiiitunial 
Signia i) ta>ro to ihr St-nsoi- ;ojnuhi!ntn l:i\^k aUa» ^(*^adhMl in niaior spOiMbu[)H. Whilt^ 
it w(Mjbi h(^ posHibli> to aoint'Vi* still luiMhtJ^ laMliu'tinns in j^cuMuv goniMMition tinu' with 
still la i'pr r buth' rs ^ fh«' piairlnal Uniit ha^^NUoon n^nf^trrsTT I'so ol- luori* Hignia viu'v 
woidil oltootiNidy oliiiunalo all othoi- hii^in;! [)r()i'ossing tasks \sluai tho sonscM' Simula ^ 
t oyi ps\ st < a 1 1 i.^^iii (aN'i'atoMu Adihfioji ol tninr PMP c-oro to Ih*.* s\stoin \s'ould r'oquiro 
nioro ootM^lor both 1M>P loniiuiiiM S ;.iluI i-(*suli in loaior t'hajiKON in tlu' PHP oonJi^ura 
lioii \{) noc^On ; n io< la to iht' .u id 1 1 lo j (;i 1 i-ort'. Alir lairront ^u'ialo giuioration tlnio is nc^t 
iin roast)oabio tortnon (he ooniplox rU'onos aiid loi" ! ho h'Hs i'onndt*x siaMiOH, lui roiiuo - 
tioii m soono );ia)o rat ion u.iwi- uoiilil rrsuli >f^^4i^ t ho usr ol la rgo r l^>u ttc rs m ans' oviMil./* 

In siiniinarN^ all niaior proi'^iMiii oi.|<Mai\i's vulli du' oscua^lioii ol Iho .icaaio gtaio ration 
tMno \v. o re lulls mot b\ thr ;^ss!onu iho hiin^iM' spor^l it' SocUU* jsauMait OHi J in\i'. iioi*S 
nol <lrtr;ua Iropi tlit' oxt'rall ;>\ i n i m; n;o isaioiailioii po i' lo r nianot^ , hut Hinij)lv roquiro 
iiuu'o tinio tor llio laauM^aUoii o| \ ;i bia! ion sos/iu's, 



•(.2 C'()NC'I,UHI( )NH HKCOMMKNUATIOiNb , , ^ 

It 4a reeonnnuntloti Uiiit tuturo slmiLar pro^nuiis pluiinecl for jieavy usUgu and roquii*- 
iiig ('xUM\Hivy uoinputor rt^aourcus ho coiiliiviiretl as stniul-alone systehis. The AFURL 
HTAHH fri^ility is rnqiilred to support a large number of simulation activities. When 
the Sensor Simulation System is in oiK^rntion, it requires such a large share of the 
SrAHH resuurees Ihnt *Mfieie'!ij nperalion of nthc'r Hinuilation pro^^rams is precluded,, 

A Htaiui-alone sensor siniulation system svuukl either require more computing equip- 
ment at a higher (^ost, or req^iire itiore time on a per-scene basis. If the slower 
per-seeuy eoniputution tinu' is acee[)tai)lvN kiven the full-tinie availability of a stand- 
alone sy*?tem, then a stand-aloiie syHtem would actually be u lower cost system, 
.Should the^same \hjv scene time goals bv eonaiclered essential , the higher cost of the 
rt'(iuireil general puri>osu eoniputational eciujpment could still be partially oflset. For 
bxam[)Us tlie cost of integrating the S I AKS e'qui[)nient and the sensor siniulation 
('(iui[)nu'nt would not be ineurretl. rhis would save both manpower and ecfuipmont 
< usts. It is also c^xiH'etetrthat operating costs would be lower by elimination ot at 
^-ist HouMi ol iht^ recpurt'nients fur priMnium time rAliri o[)eration, 

SnI^c tiiat tiiis rt^cnmmundation fdiojdd be considered only when existing eonumtationaF 
^^[uifjuienr is heavily utilized or \\\wn the new program being planned will require ex- 
^^^ffinsivci a\'S(jurct'S and usage ol the existing eciuipnuuu, ^ 

It i^>:rVlHo' riHMHnmended thai a hdl eumpUMnent of deselopment peripherals be included 
*CiVh any general purfjose eom[)Uter system includetl in future simulation programs. 
Should Hutdi systtMUS br configured as stand-alone systems, this is mandatory. Iwen 
whiMi such a system is integrated with an existing compufhtional systeifi which includes 
deselopnuMit iH^npherals, howevei', any additioiial general inirpose eoniputing equip- 
nuMit sh(udd nic huU; development peripherals to support operation, diagnostics, md 
niodificaiitais to tlu' systen\. Vhv additional cost of such peripherals will be largoly 
riHU)vt'red tlnajugh mnn* efficient syste!n operation, 

I 'or ans con\putal ional sysitMU involving larf'i^ (piant itie^ of (lata where data through- 
put IS an important consultM^at ion , proviHions nuist be made for large, hlgh^speod 
data buth'rs, hi such a})plit^ationH , ilata, access time due to insufficient bufloring can 
often l)t^ a maior tactcu' m data tbiaHighput, While computational speed and elficiency 
are (he most important (actors ..wluin snmil quantities of (kita aiul repetitive calcula- 
tions lire involved, data access Inu'emes equally important when large quantities of 
(lata are also nnolved. In hU( h cases tlu^ use of small buffers, in an effort to nunl- 
mi/^eMhe cost id tlie (a)m[)UttM' syHtem, sluuild be implelnented only when cost is the- 
ovtn'riding considtM^at ion , 
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